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The Effect of Crystal Orisntation
on the Scattering of Slow Neutrons
R. G. Sachs and V. W. Myers
Argomme National Laboratory.
Chicago 80, Illinois
Introduction

The transmission of slow neutrons through microcrystalline materials has

1,2,3 However, the effect of non-random

been the subject of several investigations.
orientations of the microcrystals on neutron scattering has not been considered
in detail, We shall develop a simplified scheme for taking account of the
orientation effect when only a single symmetry axis needs to be considered. A
coﬁparison is made with the measurements of the transmission of slow neutrons

through randomly oriented and exiruded graphite. It is possible to obtain an

estimte of the amount of crystal orientation in this instance,

Theory

let us cally‘othe anglé between the direction of extrusion and the axis of
symnetry of a given crystal. The probability of finding a crystal oriented in
the solid angle d (cosy) duwill be taken to be
P(cos 4/) d(cos WY dw, (1)
-— ’
let b dencte product of the order of the Bragg reflection and the reciprocal
lattice vector. The symmetry axis of the c¢rystal will be in the direction of one

-
of the basic reciprocal lattice vectors, for example, b3°

- =7 —> —
b - b, + mby + nby, (2)

1. 0. Halpern, M. Hammermesh, and M, H, Johnson, Phys. Rev. 59, 981 (1941).
2, R. “'einstock, Phys. Rev. 65, 1 (1944).
3. E. Fermi, W, Sturm, and R. Sachs, Phys. Rev. 71, 589 (1947).
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,Q, m, a are the producits of the order of the reflection and the Miller indices

leadinz to the particular Bragg reflection under consideraticn.

A. Incident Neutrcn Peam Parallel to Extrusion Direction,
The deteils are depicted in Fig. 1. The scattering for a particular Bragg

reflection into the solid angle d(cos \}‘) dw is3

gyk?d(cos Ao = M,ﬂ. exp(=wb2) P{cos\L) d(cos~L duyd (3)
# 2iHa )

F is the form factor for the unit cell in the crystal, N is the number of unit
cells per unit volume, and A7\ gives the spread in the wave-lenzth of the incident
ncutron beam, exp (=wb?) is the factor which takes into account the zero point

and thermal oscillations of the crystal, w being a function of the Debye

temperature and temperature of the lattice.?

Transforming to the variables &, efit is easily shosn that

cos \Pz cos © cos o+ sin &sein dcos ¢
nb :
= 23 cos e: (1~ 2_2,_5'_’;%)%: sin Qcos‘r', (1)
2

b b

and d(cosg’/)dw: d(cos e)dfk

"Making use of the Bragg relation cos G = EZL and treatingAA-as small, there
2
results; 2",7’
Fut
j d(cos = exp (»awbz) P(9,¢)d¢; (5)
Lo
c

In order to proceed further, it is necessary to make some specific assumptions

about the nature of the function P(cos(ﬁz).s We will consider a distribution function

with two parameters, namely

Z:I’TT 4 x(cosRp-1/3) + y(coskl-1/5). (6)

The cquantities x and y give a measure of the degree of correlation in orientation

Ps

between the crystals, and they are subject to the limitation that P shall remain

-
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positive for all values ofybo The factors 1/3 and 1/5 are necessary in (6) in

order that which o rresponds to random 6rientation; Substituting the above

expression for P in Eq. (5), we have

Y%(COS%MW: N;.f_ “exp (-wb?) ‘r(é )
v 4T L ’ g
T ; 2

Bl n’* 5272 bza? 2b32

2 2
+ 3/8 (1~ ‘."‘._Z@) (1- P b3
L
(7) rust now be sumed over 2ll planes which satisfy the Bragg condition., Trans-

forminz from neutron wave-length to energy,

1 o
o;’ = 2 FiiZy exy (-wbz)glm @E" f’.’.}:)

2 blE 5
E})‘/.‘E :
™ 2
, Jix n“b
-.'hvx _Es__.éﬁ;.;.ik Db)(l an \
FE b E

(8)

M52 nbbg E
Mm(;b y +3§(1- =) (--fo(l-——bf-)
1

S is the coherent scattering cross section at the neutron energy E; E, is the

neutron energy at a particular Rragg.limit.

B, TIncident Neutron Beam Perpendicular to Extrusion Direction.
1f the incident neutron beam is perpendiculay to the direction of extrusion,

the previous analysis must be modified slishtly. We need merely to rotate the
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direction of the incident beam through 900. We have as before
nbj | n2b32 1 !
cos\y = 2 cos B+ (1~ )2 sin ﬁcos#
) yb b b2
with & = 6 ~ 50°

In this instance,

i r
T = Z FNEp exp(—wbz)z(l-i}f‘;a @)

" Res @Ez 2 22
+ 4T [(1--—- 9—?—- + 3 ~—;' (1-2'12:’3'")] (9

(-—-)(

E n2b 242
a [o-22 D2y 2F) o 28

+ 3/8 Eb2(1 _T_ljj

Cross Sections for Graphite

Lx:| o

A mechanical velocity selector in conjunction with the heavy water pile

n

at the Argonne Laboratory has been used to measure the cross sections for
randomly oriented and extruded graphiteol’ In the computation of the theoretical
curves, 2 free atom cross section of 4.5 barns was used, and the Debye
temoersture of ~raphite was taken to bz 1569°K. The theoretical curve for

the powdered arephite (random orientation) is, of course, the one corres-

ponding #o x = y = 0. In the case of the extruded material, the theoretical

curves are fairly sensitive to the choice of the paramesters x and y. The

following values of these constants yielded about the best agreement with

the empirical data:
X = "'0007’ Y= 0001;‘

The results are shown in Fig, 2 - L; the theoretical curves for the extruded

material were calculated using the above conctants, The agreement with

4. 5. H, Weber, Fifth Annual Pittsburgh Conference on X-Ray and Electron

Diffraction.
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experiment is seen to be fairly satisfactory. The rise in the experimental
curves below the first Bragg limit is nrobably due to a considerable amount
of inelastic scattering,

The orientation function is

bt ]
]

= VT~ 0,07 (cosdb-1/3) + 0,04 (costol-1/5)

l/l;'” (1.2 -~ 0,9 coszst’-} 0.5 cos‘*)lf)- M

LR

It is seen that P(com’;: 1)< P(cos‘b: O ). This means that the six-fold
symuetry axis of graphite tends to be perpendicular to the direction of
extrusion so that the hexasonal planes show a preferential alignment along the
extrusion direction,

Lhiv pprit v Saseds o2 goord dovs tenbed f%—
%A‘w Noitirnal
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DIRECTION OF EXTRUSION

FIG. |

Fiz. 1 “ngles used in calculating the orientation effect. The azimuth
—— D
# is measured with respect to a plane passing through b and b3, The
—>
agimuth ‘Jgives the projection of §3 relative to a plane passing through the

extrusion direction,
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